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(71) We, IMPERIAL CHEMICAL INDUSTRIES LIMITED, Imperial 
Chemical House, Mil&ank, London, SW1P 3 JF, a British Company, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the mdthod 
by winch it is to be performed, to be particularly described in and by the following 
statement: — ^ 



This invention relates to the production of highly polymeric polyesters of 
aromatic dicarboxylic adds and dihydric alcohols. 

Highly polymeric polyesters of aromatic dicarboxylic adds and dihydric-aicdwis 
are known to be useful thermoplastic materials capable of conversion to fitme fibres 
and moulded artides having a desirable combination of physical and chemical 
properties. Examples of such polyesters are those prepared, for example^ -from 
terephthalic acid or l^-di(p-carboxypbenoxy)ethane and ethylene glycol of britane- 
1,4-diol or 1,4-dihydroxymeiylcyd 

Many processes have been proposed for the production of these polyesters but in 
general they proceed via the formation of the bisfdihydric alcohol)ester of the 
aromatic dicarboxylic add and the polycondensatian of tins intermediate to h ighly 
polymeric polyester with loss of dihydric alcohol by heating m a molten state under 
reduced pressure. The bis ester may he formed, for example, by reaction of the 
arommic dicarboxylic add or of an ester-forming derivative thereof, for example a 
dialkyi ester, with the dihydric alcohol, or by reaction of the dicarboxylic add with 
an ester-fmming derivative of the alcohol, for example, ethylene cocide or ethylene 
carbonate m the case of ethylene glycoL The process of reacting the add with the 
dihydne alcohol is generally referred to as direct esterificarion, whereas the reaction of 
dialkyl ester with the dihydric alcohol is generally referred to as transesterification. 

So as not to modify, dilute or lose the highly desirable characteristic properties of 
the highly polymeric polyesters of dihydric alcohols and aromatic dicarboxylic 
it is preferred that the polycondensable material consist substantially entirely of one 
or more bis(dihydric alcohol) esters of aromatic dicarboxylic adds. However, the 
presence of a small concentration of other polycondensable material may be tolerated, 
if desired, for example to improve dyeability. For example, up to about 5 mole V 
of the dihydric alcohol moiety in the bis ester or esters may be replaced by at least 
rale other polycondensable dihydroxy compound and/or up to about 5 mole V <rf 
the armnatic dicarboxylic add moiety may be replaced by at least one other* di- 
carboxyhc add. Up to about 5 mode % of the polycondensable mixture may also 
consist of other mono- or polyfunction al material, if desired. However, it is usually 
preferred that at least 85 mole % and preferably at least 95 mole % of the poly- 
condensable mixture consists of bis(dihydric alcohol) ester of aromatic dicarboxylic 
aad or an oligomer thereof. 

Both the process of forming the intermediate and its conversion to highly 
poiymenc polyester by poiycondensation are aided by the use of catalysts, which 
are generally metal compounds. In most conventional processes, different catalysts are 
used for the preparation of the bis(dihydric alcohol)ester intermediate and for the pedy- 
condensaticn, and the present invention provides an improved process for .the pote- 
condensanon stage. 

British Patent No. 1,046,831 describes a process for the production of highly 
poiymenc linear polyesters of aromatic dicarboxylic adds by the catalytic polymer- 
isation of a bi^ydroxyaikyl)eito or bis(hydroxycycloaIkyI)ester of the aromatic 
dicarboxylic aad, wherein there is present during the polymerisation at least 0.05%, 
[Frier 25 p] 
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based cm the weight of the dialkyl ester of die aromatic dicarbaxyiic acjrf 3 of certam 
sp ecifi ed, orgauo-phosphctus compounds* 'The poSymensaticm is catalysed in conven- 
tional maimer, for example with metallic compounds such, as «■ trioride. 

British Patent No. 1,013,573 describes a polyester composition comprising: 

(1) a highly polymerised polyester derived from, a (Hfunctional add component 5 
comprising. at least 80 mole % of terephihalic add and a dihydric alcohol com- 
ponent comprising at feast 75 mode % of a polymethyiene glycol or an aKcydrc 
glycol; and 

(2) 0.1 — 20 mole % (based on the difunctional add compcsient) of a defined additive 

which is a sol phoo amide, phosphonate or phosphmare. The polyester is prepared 10 
in conventional manner, for example by a palycondensariaa reaction catalysed 
by a metallic compound, such as antimony trinride, and the additive is added 
before, during or after the pdycondensatian reaction. 

British Patent Not 1,155,005 describes a process which comprises in & first stage 
reacting a dicajboxylic acid or mixture of adds, at least 80 mole % of which is 15 

terephthalic add. or a lower aliphatic .ester thereof with a glycol to produce a digjycoi 
ester of the dicarboxylic add or its oligomer, and in a second stage poiyccndensmg the 
diglycol ester or its edignmer to produce a polyester, wherein at least the second 
stage reaction is performed in the presence of: 

(a) a cerium or lanthanum compound which is soluble in die diglycol ester of the 20 
dicarboxylic add or its oligomer, and 

(b) a defined aralkylpbosphonk add or ester. 

Published Dutch Patent Application Na 7,105,372 describes and claims: 

A two-stage process for die production of highly polymeric polyesters by (1) 
transesterification of a mixture containing a dialkyl ester of on aromatic dicarboxylic 25 
add and a dihydric alcohol and (2) subsequent polycondensatron of the bis(dihydric 
alcohol) ester of the aromatic dkarboxylic add formed, both stages being, rnmrfnrrpd 
m the presence of a catalytic sy stem comprising u mixture of a metal salt containing 
a weakly addic anion including oxide and a compound of the Structur e 

X* 

X 3 — — O— -Z~0 30 



where X 1 is — R or — OR, X s is R and X 3 is H oar R, where R is a monovalent hydros 
carbon group or a substituted derivative thereof, and Z is a Group VB element with an 
atomic number greater than 7. 

We have now found that advantageous results may be obtained by die use of 
35 certain catalysts for the polycondensation reaction, in controlled quantities. 35 

According to the present invention we provide a process for the production 
of highly polymeric polymer by the polycondensation of a polycondensable material at 
least 85 mole % of which consists of at least one bis(dihydric alcaho^ester ocf an 
aromatic dicarboxylic add or an oligomer therraf, die poiycondeosation being effected 
40 in the presence, as catalyst, of a mixture of 40 

(a) a metallic component which is selected from the salts of zinc, manganese or 
ahiminium and zinc oxide, and 

(b) an organic component which Is a compound of die structure 

X 1 

i 

X 3 — o— z=o 

I 

X* 

45 where Z is an dement of Group VB of the Periodic Table having an atomic 45 

number greater than 7, X 1 — R or — OR, X* is — H or — R, and each R, 
which may be the same or different; is a hydrocarbon or substituted hydrocarbon 
group, in which process the amount of each component does nor exceed 0.05% 
by weight of the polycondensabk material 
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(AM references to the Periodic Table are to the version of the Periodic Table of 
the Hements punted inside the back cover of F A Coma and G WHkinson^-Ad- 
yanced Inorganic Chemistry, 2nd Edition (1966) Interscience Publishers, New York. 
London and Sydney). ^ 

a ® nounr component of the catalyst mixture does not p ryj 

0.05 / a by waght calculated on the basis of the dimethyl ester of the aromatic di- 
carbcffyltc acid. 

ParticukrJy suitable anionic ligands are the anions of weak adds, for exanrole 
me anions of organic acids, painculariy organic carboxylic adds, or the anions derived 
from enolisabte ^-diketones, for example acetylacetone. It is preferred that the metallic 
component is a salt of an aliphatic carboxylic add, for example, an acetate. Zinc 
salts arc particularly suitable and are therefore pi ei a r td 

Preferred examples of the groups R in die organic component are alkyl, aryl, 
aralkyl and cycloalkyl groups, particularly alkyl 3 3 

• Preferably R has 1 to 8 carbon atoms, as in methyl, ethyl, isomeric propyl, 
pmencbutyl, hexyl, cyclohexyl, octyl, and benzyl, for example. However, 
is preierrcd that R contains not more than eight carbon atoms, the presence in R of 
mere than eight carbon atoms, as m decyl, dodecyl and naphthyl for example, is not 
excluded. One or more of the hydrogen atoms in R may be replaced, if desired. by 
° th ^^ 0val ^i atoms w S rou P s > for example halide, — NR'R", -440 s , — OOCR', 
^-COOR , — COR', — OR', — SO,OR' or — 0S0 2 R' where each of R' and R" 
is hydrogen or a monovalent hydrocarbon radical, for example having 1 xsr 6 carbon 
auras. It is preferable that the substituted groups (if any) are free of ZereWmoff 
hytoi^u rf r^mon of the catalyst with the pofycanitasable mixture is to be 
avoided. Preferably, Z is phosphorus, when the organic component will be a phosphihic 
ac *“ rc 01> a phosphonic ester which may be a diester or a monoesster 
one free aad group. Z may equally be arsenic^ and the use of the heavier dements of 
Cjruup VB is not excluded. 

Very suitable phosphorus compounds are alkyl dialkyl-phomhinatts or dialkyl 
alkylphosphonates in which the alkyl groups, which may be the same or different, 
contain from 1 to 6 carbon atoms. ^ 

We have found in particular that the combination of zinc acetate and a 
pnosphmate or phosphorate is capable of catalysing the reaction at concentrations 
of zinc acetate not exceeding 0.02% by weight of the dimethyl ester of the aranaric 
a icarboxyl ic acid, to give polyesters having high luminance and low yellowness, 
rreterably f tt3C concentration of each catalyst component does not exceed 0 02V bv 
weight of the dimethyl ester. /o J 

° lv °f t ^ 011 }f .^Pcaally applicable to the production of polyesters wherein 
the dicarboxyhc aad is at least 80 mole % terephthahe arid, but other aromatic 
a ?T s be used. Examples of other aromatic dicarboxylic adds include iso- 

pnthaJic acid and dmuclear dicarboxylic acids, for example those represented bv the 
structure: — J 
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where A is a direct link or a divalent atom or group which is inert under the reaction 
conditions. 

Examples of dihydric alcohols that may be used are o^-polymethylene glycols, 
espeaally those having the structure HOCCH^OH where x is from 2 to 10; branched 
aliphatic duds, for example 3,3,5-trimethylhexane-l^-diol and neopentyl glycol: and 
ahcyclic diols, for example 1,4-dihydroxyraethylcyclohexane and 2,2,4,4-tetramethyl- 
cy^^utane-l^-diof. Ethylene glycol and butane did are preferred, especially the 

The amount of catalyst used, calculated on the basis of weight of metallic com- 
ponent per cent weight of dimethyl ester of terephthalic arid (or equivalent if other 
acids are used) may be in the range 0.0001 to 0.05%, preferably 0.005 to 0.05%. 
Ihe amount of organic component is preferably in the molar ratio to metallic com- 
ponent of 1 : 1 to 2 : 1. 
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With the use of the catalyst m these ccmomraticais, rapid reactions may be 
achieved. Moreover, with the use of many of the catalysts in the process of our aiven- 
tion die darby of die polyester melt has been observed to be better «han that of high 
molecular weight polyesters obtained from many processe s using c onv e nt i on al catalyst 
systems, for example based an metal acetates only and meal oxides. 

It is an advantage of our process that the metallic component and the organic 
component, as defined above, may be the sale essential ingredients of the catalyst and 
ft is unnecessary to add further catalysts such as anthnonytrioxade. 

The pdycandensabfe material may be produced in conventional manner by direct 
esterification or by transesterification. It is preferred that the polycondensable material 
is produced, by direct esterification of the aromatic dicarboxylic add with the dihydiic 
alcohol 

Conventional reaction conditions may be used far the palycondensatian reaction 
and other additives may be included before, during or after the reaction, for example, 
for delustering, stabilising, pigmenting and/or otherwise modifying the high molecular 
weight polyester product 

The invention is now illustrated by the following Examples. 

L uminan ce (L) and yellowness (Y), when measured, were determined rang a 
"Cotonnaster” di ffe r e nti al Colorimeter manufactured by the Manufacturer Engineer- 
ing and Equipment Corporation. 

Two general polymerisation procedures were employed. In both methods, a poly* 
merisatian vessel was charged with bis(2-hydroxyethyl) terephthalate^ which had been 
prepared in conventional manner either by transsterificatiaa of dimethyl terephthalare 
and ethylene glycol or by direct esterification of terephthalic arid with ethylene glycoL 
Priyca ndens ari o n was then carried cut as described below. 

In. method A, a glass priycondensation vessel was used which was fitted 
with a nitrogen inlet dipping below the level of the reactants, thereby, effecting 
agitation. There was also provision of a vacuum offtake and condensing arrange- 
ments for volatile materials. 

In me^iod B, a stainless steel autoclave was used, which was provided with a 
double helical metal stirrer. 

In both methods, titanium dioxide was added if delnstred polymer was required. 
The temperature was then raised to 280° C. Pressure within the vessel was reduced 
to 0.5 mm of mercury absolute over a period of 30 minutes and heating was con- 
tinued at 285° C. for 3 hours in the glass vessel or 1-J hours in the steel vessel The 
polymeric reaction product was extruded onto chill-cast rollers and the intrinsic viscosity 
(I. V.) and L and Y values were measured 

Intrinsic viscosity was determined from relative viscosity measured in 1% solution 
in ochlorophenoi at 25° C. 

Abbreviations : Me= methyl, et== ethyl, iPr= isopropyl, Fh= phenyl, 

Ac = acetate, Acac=acetyiacetxmate. 

Examples 1 — 7. 

A series of polymers were prepared by procedure A with 0.015% by weight (based 
on dimethyl terephthalate) of zinc acetate dihydrate and various phosphorus com- 
pounds. Results are summarised in the following table. 
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Example 

No. 


Phosphorus 

Compound 


Moles of Phosphorus 
compound per mole 
zinc compound 


IV 


L 


Y 


i 


Me( Ph)P(0)0Me 


2 - 


0.49 


78 


11 


2 


Me(Ph)P(0)0Me 


. 1 


0.52 


85 


7 


3 


Me(Ph)P(0)0H 


2 


0.57 


82 


12 


4 


Me(Ph)P(0)OH 


1 


0.55 


78 


16 


5 


MejP(0)0H 


2 


0.55 


77 


12 


6 


Me,P(0)0H 


1 


0.57 


84 


10 


7 


Me^OpMe 


1 


0.58 


80 


18 



Examples 8 — 13. 

A series of potymere were prepared using procedure A with 0.025% by weight 
(based on dimcthyftcrephthalate) of manganese acetate witfi various phosphorus ccsn- 
5 pounds. Results are summarised in the following table. 5 



Example 

No. 


Phosphorus 

Compound 


Moles of Phosphorus 
compound per mole 
manganese compound 


IV 


L 


Y 


8 


(EtO),P(0)Me 


2 


0.52 


89 


14 


9 


pPr0)jP(0)Me 


1 


0.50 


81 


22 


10 


M<Pb)P(0)OMe 


2 


0.50 


87 


8 


11 


Me(Ph)P(0)OMc 


1 


0.54 


87 


13 


12 


MesP(0)OH 


1 


0.49 


i 

82 


17 


13 


MejP(0)OMe 


1 


0.56 


81 


24 



Examples 14 — 18. 

A series of polymers were prepared using procedure B with 0.015% by weight 
(based cm dimethykerephthalate) of zinc acetate dihydrate and various phosphorus 
compounds. In all cases 0.38% by weight of titanium dioxide was added as a 10 
delustrant. Results are summarised in the following table. 






Example 

No. 


Phosphorus 

Compound 


Moles of Phosphorus 
compound per mole 
zinc compound 


IV 


Colour 


14 


Me*P(0)OH 


1 


0.79 


White 


15 


PhjP(0)OH 


2 


0.76 


» 


16 


(EtO)eP(0)Et 


Z 


. 0.76 


» 


17 


(EtO^COCHtPh 


2 


0.70 


» 


18* 


MePhP(0)0Me 


2 


0,62 


» 



*Zmc acetate replaced by zinc oxide (0.0055% by weight, calculated on the basis 
Of dimethyl terephthalate). 



Examples 19 and 20. 

A series of polymers were prepared using procedure B with, airnninhim compounds 
and various phosphorus compounds as catalysts. In each case 0.5% by weight of 
titanium dioxide was added as a dehistrant. Results are shown below. 
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wherein Z is an dement of Group VB of the Periodic Table having an atomic 
nu mb er greater than 7, X x is — R or — OR, X* is — R, X* is —~H or —JR, and e ach 
R, which may be the same or different, is a hydrocarbon or substituted, hydrocarbon 
group, in which process the amount of each component does not exceed 0.05% by 
weight of the pcdycondensable material. 

Z A process as claimed in claim 1- in which the amount of each component does 
not exceed 0.05% by weight calculated on the basis of the dimethyl ester of the 
dicarboxyiic add. 

3. A process as claimed in claim 1 or claim 2 which the metallic component 
includes an anion of a weak add. 

4. A process as cfahned in claim 3 in which the anion is derived from an organic 
carbaxyKc add or an enolisable ^3-diketone. 

5. A process as claimed in claim 4 in which the anion is an aliphatic carboxylate. 

6. A process as claimed in any one of the preceding claims in which the mptsHfr 
component is a zinc salt 

7. A process as daimed m any one of the preceding claims in which the groups R 
in the organic component ane each alkyl, aryi, aralkyl or cydoalkyi, having from 1 to 8 
carbon atoms. 

8. A process as claimed in claim 7 in which each group R is alkyl. 

9. A process as claimed in any one of the preceding claims in which the organic 
component is a phospbinic add or ester, or a phosphonic ester. 

10. A process as claimed in any one of the preceding claims in which the molar 
ratio of organic component to metallic camponeut is in the range 1:1 to 2:1. 

111. A process as daimed in any one of lie preceding daimg in which the amount 
of metallic component, calculated on the basis of the dimethyl ester of the dicarboxylic 
add, is 0.0001 to 0.05% by weight. 

12. A process as claimed in any one of the preceding claims in which, die catalyst 
is a mixture of zinc acetate and an alkyl phosphlnate or phosphorate, and the amount 
of zinc acetate, calculated cm the basis of the dimethyl ester of the dicarboxylic add, 
doe not exceed 0.02% by weight 

13. A process as daimed in any one of the preceding claims in which the 
catalyst consists of the metallic component and the organic component as sole essential 
ingredients. 

14. A process as daimed in any one of the preceding daims in which the di- 
carboxylie add component of the polycondensable material is terephlhalic add. 

15. A process as claimed in any one of the preceding claims in which, die dihydric 
alcohol component otf the polycondensable material is ethylene glycol. 

16. A process as daimed in any one of the preceding daims in which the poly- 
condensable material has been prepared by direct esterification. 

17. A process as daimed in claim 1 for the production of highly polymeric 
polymer substantially as described and with reference to any one of the Examples. 

18. A highly polymeric polymer when produced by the process of any one of the 
preceding daims. 

D. PRICE. 

Printed for Her Majesty's Stationery Officer by the Courier Press, Leamington Spa, 1974. 

Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 
which copies may be obtained. 
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